Combined ICSI and ICPI scores improved significantly at 4 and 8 weeks (p = 0.002 for both time points) post-treatment. Responses to GRA showed improvement at 4 weeks post-instillation. No significant decrease in urinary frequency was found. Conclusions Sphingomyelin liposome instillations were well tolerated in subjects with IC/BPS with no AEs attributed to the test article. Treatment was associated with improvements in pain, urinary urgency, and overall symptom scores. Placebo-controlled clinical trials are needed to assess this potential therapy for IC/BPS.
Introduction
Interstitial cystitis/bladder pain syndrome (IC/BPS) is a multifactorial syndrome of pelvic pain, urinary frequency, and urgency [1] . Currently, IC/BPS is a largely incurable, chronic illness that often negatively impacts sexual function, ability to work, and overall quality of life. Estimates of the prevalence of IC/BPS in the USA range from 10 to 500 cases per 100,000 people primarily affecting women [2] [3] [4] .
Intravesical instillation of liposomes is a potentially new therapeutic option for subjects with IC/BPS. Biophysical studies have suggested that liposomes can be adsorbed by, or will fuse or transfer lipids to the cell membrane, as well as be endocytosed to the cell interior [5] . Liposomes currently serve as a component of certain topical formulations applicable to body cavities, such as the vagina and cul-de sac of the eye [6, 7] . Certain liposomal formulations have been developed to be biochemically similar to
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the phospholipid bilayers comprising human cellular membranes [8] . Certain liposomal phospholipid constituents contribute to epithelial membrane impermeability, as well as modulate inflammation [9, 10] .
Sphingomyelin is a common phospholipid found in most animal cell membranes. It is consequently a common component of our food supply, as well as a common component of parenteral nutrition products. The safety of oral and intravenous administration of sphingomyelin is thus well known.
The aim of this study was to explore the safety and clinical outcomes of 4 weekly instillations of sphingomyelin liposomes (LP08) in an open-label cohort of subjects with IC/BPS.
Materials and methods
Fifteen subjects with IC/BPS were identified and recruited subsequent to investigators receiving FDA and institutional review board (IRB) approval. One subject withdrew prior to treatment; thus, 14 subjects completed the study. The basic inclusion criteria were that subjects must have: (1) been at least 18 years of age, (2) had history of refractory IC/BPS for at least 6 months, (3) had urinary frequency exceeding eight times per day recorded on the three-day voiding diary, and (4) had a bladder pain score equal to or >4 on the pain VAS (0-10; none to severe) within the 24 h prior to the screening visit. The patients were diagnosed clinically with IC/BPS based on NIDDK criteria. They are refractory to at least one pharmacotherapy for their disease. IC/BPS women of childbearing age without history of bilateral tubal ligation or postmenopausal status for at least 1 year agreed to use an acceptable means of contraception during the entire 4-week course of therapy and 1 week thereafter.
Treatment consisted of a single course of four intravesical instillations of 80 milligrams of preliposomal sphingomyelin lyophilate (LP08; Lipella Pharmaceuticals, Pittsburgh, PA) reconstituted with 40 mL of sterile water. Treatments occurred within 5-14 days of one another. Prior to the initial instillation, vital signs, urinalysis, urine pregnancy test (if appropriate), PVR assessment via bladder scan, cystoscopy, and symptom assessments were conducted. Liposomes were instilled into the empty bladder via an eight Fr catheter with 2 % lidocaine jelly applied to the catheter tip prior to insertion. The instillate was retained in the bladder for 30 min and then removed via independent voiding. Subjects were monitored closely for adverse events (AEs) and urinary function symptoms including gross hematuria, urinary retention, urgency, frequency, and/ or signs/symptoms of infection.
Clinical outcomes were assessed at 1, 4, and 8 weeks after the last instillation for a total of 12 weeks since treatment began. Efficacy measures included a pain VAS where subjects rated their current pain on a continuum of 0-10 (none to severe), and a three-day voiding diary for urinary frequency, urgency VAS (0-10; none to severe). Subjects also reported overall changes in symptoms since treatment on the seven-point Likert scale ("markedly worse" to "markedly better") Global Response Assessment (GRA). Symptom and bother were also evaluated with validated O'Leary-Sant Interstitial Cystitis Symptom and Problem Indices (ICSI and ICPI), which when combined have an aggregate score ranging from 0 to 36 (higher scores indicated worse symptoms/bother). Other study tests included urine pregnancy test (if applicable), urine dipstick, measurement of PVR, and cystoscopy.
Clinical measures represented by a continuous scale were subjected to validity tests on a pairwise basis using either or both of the Student's t test or Wilcoxon signed rank test depending on the validity of the respective normality assumptions. Hypothesis testing was also conducted on a cohort basis (i.e., not pairwise) via the Wilcoxon rank sums test. Population estimates of continuous measures (probability density functions) were conducted via a Gaussian kernel having a 20 % data-range standard deviation. Clinical data acquired prior to the first instillation was considered baseline for evaluations depicted as a change from baseline. Differences in ordinal measures were evaluated via the Chi-square likelihood ratio test, as well as pairwise via the Wilcoxon signed rank test.
Results
The average age of the cohort was 58 years (range 37-75), and there were a total of eleven women and three men. No treatment-related AEs or side effects were reported at any time over course of the study. A total of nine AEs occurred in four subjects during the study. Five AEs were mild in intensity; three AEs were moderate in intensity. One serious AE (pneumonia) occurred but this was unrelated to the test material and the patient fully recovered ( Table 1) . None of these AEs were determined to have any relationship to the test article, all were resolved, and no subject terminated the study prematurely because of an AE.
Cystoscopy at baseline and at 8 weeks post-treatment was performed to assess for bladder changes. Bladder inflammation/ulcers (Hunner's lesions) were identified and recorded. Cystoscopic images were taken to increase the accuracy of comparisons. Between baseline and 8 weeks post-treatment, there were no changes in bladder appearance for 10 subjects, 3 had improved, and one worsened. The subject with the worsening bladder appearance had 2 ulcers at baseline and 3 ulcers at the end of the study period.
Efficacy evaluations were performed on all subjects that received a full course of liposome instillations. Pain scores showed significant improvement at 4 weeks post-treatment as shown in Table 2 . The pain score reduction at 8 weeks post-treatment was not statistically significant. Figure 1 shows the distribution of pain VAS scores for the cohort at baseline, as well as four and 8 weeks post-treatment. At both time points, the average pain score for the population shifted from 5.9 to 1.2 (an 80 % reduction). The shift at 4 weeks post-therapy was more pronounced than at 8 weeks post-therapy. The distribution at 8 weeks post-therapy shows evidence of the population eventually returning to baseline.
Urgency scores showed significant improvement at both 4 and 8 weeks post-treatment as shown in Table 2 . In both cases, the mean reduction was approximately 1.5 units on the VAS scale. Figure 2 shows the distribution of urgency VAS scores for the cohort at baseline, as well as 4 and 8 weeks post-treatment. The distribution was approximately Gaussian at baseline and significantly skewed posttreatment. The average urgency severity score for the population shifted from 5.4 to 2.3 (a 57 % reduction).
Interstitial Cystitis Symptom/Problem Index scores (ICSI + ICPI) significantly improved for the cohort at both 4 and 8 weeks post-treatment ( Table 2 ). The median reduction in total score from baseline was four units for both time points. The comparative distributions of this index total for both time points as well as baseline are shown via a mosaic plot in Fig. 3 . When pairing is not considered, the reduction at 8 weeks post-treatment is no longer statistically significant. However, the reduction at 4 weeks postinstillation remained statistically significant. The GRA measure distribution for the cohort for both time points (4 and 8 weeks post-treatment) had a median value of "slightly improved," which is the first of three possible levels of positive improvement ranging from "slightly improved" to "markedly improved." Wilcoxon signed rank test results at the two time points were p = 0.002 and p = 0.141 for 4 and 8 weeks post-treatment, respectively.
Although a small decrease (10 %) in urinary frequency was seen after the third instillation, no statistically significant differences were seen between baseline and any follow-up period.
Discussion
Four weekly liposome instillations were successfully completed in a total of 14 subjects with chronic IC/BPS. Pain and urgency VAS showed a significant improvement in aggregate scores at 1 and 4 weeks post-treatment. GRA also showed significant improvement in aggregate scores at 4 weeks. There was a significant decrease in ICSI and ICPI total scores at 4 and 8 weeks post-treatment compared to baseline. No treatment-related AE were reported at any time over course of the study. Limitations of this preliminary study include lack of placebo control, small sample size, and limited duration of follow-up.
Preclinical study data (obtained using an IC/BPS model in female rats) have demonstrated normalization of urinary frequency indicating that liposomes may be a potent protectant of the bladder mucosa against inflammation and irritation [11] . Liposomes were compared with DMSO and pentosan polysulfate sodium (Elmiron). Liposomes were able to significantly reverse the decrease in intercontractile interval (ICI) (the surrogate measurement of efficacy) induced by potassium chloride (KCl) following bladder injury with protamine sulfate while pentosan polysulfate sodium showed modest efficacy. On average, LP08 increased ICI in the model rats by 132 % with strong statistical significance. Control subjects demonstrated no statistically significant effect. Histology obtained from the animal studies demonstrated that liposomes act as a mechanical barrier to the passage of irritants through the mucosal cell lining. Once liposome is instilled into the bladder, they do not penetrate beyond the urothelium and thus are not absorbed systemically [12] . There has not been any direct comparison between hyaluronic acid and liposome, and it would be something interesting to investigate in future studies.
The FDA previously approved a compassionate use IND single-subject trial to evaluate the safety and clinical outcomes of intravesical instillation of LP08 liposomes in a woman with ulcerative IC/BPS [13] . A 48-year-old woman, diagnosed with ulcerative IC/BPS, received 4 weekly instillations of intravesical liposomes. Subsequently, she was evaluated for 8 weeks post-bladder instillation. No side effects or AEs were reported during the 12-week study period. The subject denied experiencing any problems related to urinary functioning including gross hematuria, urinary retention, urgency, frequency, and/or signs/symptoms of infection. Bladder instillations were well tolerated. At each treatment visit, the subject denied bladder irritation after liposome instillation and drainage. She was able to void without difficulty after the liposomes were drained from her bladder. Improvements across multiple domains were demonstrated. Voids per day decreased from baseline of 18 voids per 24 h to 11.3 voids per 24 h at week 3, and 12.6 voids per 24 h at 8 weeks after final instillation. Cystoscopy revealed a marked improvement in bladder appearance. Three bladder ulcers were noted at baseline, but were absent at the 8-week post-treatment visit. Additionally, there was no evidence of bladder inflammation.
Conclusions
Intravesical liposome (LP08) instillations were well tolerated in subjects with IC/BPS with no AEs attributed to the test article. Treatment was associated with improvement in pain, urinary urgency, and overall symptom scores. Placebo-controlled clinical trials are needed to assess this potential therapy for IC/BPS.
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